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ABSTRACT. Objective: Despite preliminary evidence of unique acute
cognitive and psychopharmacological changes attributable to combined
alcohol and cannabis use, few studies have investigated more chronic
effects of same-day co-use, particularly during neurodevelopmentally
sensitive periods. Therefore, relationships between past-month binge
alcohol and cannabis co-use and cognitive functioning were examined
in adolescents and young adults. Method: Data from the Imaging Data
in Emerging Adults with Addiction (IDEAA) Consortium were used
to assess cognitive functioning in emerging adults with a large range
of substance use (n = 232; 15-26 years old) who were abstinent for at
least 3 weeks. Multiple regressions assessed cognitive functioning by

past-month binge episodes, cannabis use episodes, and same-day co-
use, controlling for covariates (e.g., study site, sex, age). Results: After
correcting for multiple comparisons, more past-month co-use episodes
were related to decreased Ruff 2&7 selective attention accuracy (p =
.036). Sex significantly covaried with California Verbal Learning Test—
Second Edition initial learning. Conclusions: Although few significant
relationships were found and effect sizes are modest, the persistence of
an effect on attention despite a period of sustained abstinence highlights
the need to carefully investigate patterns of substance use and potential
independent and interactive effects on the developing brain. (J. Stud.
Alcohol Drugs, 81, 479-483, 2020)

ROWING EVIDENCE SUGGESTS binge alcohol use
and cannabis independently relate to deficits in cogni-
tive functioning (Lisdahl et al., 2013), particularly during
neurodevelopmentally sensitive periods (e.g., in adolescence
and young adulthood). This is concerning given that can-
nabis use is positively correlated with alcohol use (Johnston
et al., 2013) and 20% of high school seniors report simul-
taneously using both cannabis and alcohol in the past year,
whereas 15% of young adults (ages 18-29 years old) report
using both substances together in the past year (Subbaraman
& Kerr, 2015; Terry-McElrath et al., 2013). The endocan-
nabinoid system also undergoes neuromaturation during
adolescence and emerging adulthood, making it more vulner-
able to exogenous cannabinoids and their deleterious effects
on the endocannabinoid system, morphological changes, and
overall functioning (Schneider, 2008).
In humans, cannabinoid 1 (CB1) receptor activity is
downregulated by chronic cannabis (Hirvonen et al., 2012)
and alcohol use (Hirvonen et al., 2013). Other research sug-

Received: September 13, 2019. Revision: February 5, 2020.

Data drawn from the Imaging Data in Emerging Adults with Addiction
(IDEAA) Consortium, a National Institute on Drug Abuse (NIDA)-funded
project providing combined neuroimaging and neurocognitive data from
well-characterized cannabis users. The IDEAA Consortium was supported
by NIDA Grants R01 DA032646 (principal investigator: Staci A. Gruber) and
RO1 DA030354 (principal investigator: Krista M. Lisdahl). Staci A. Gruber’s
work was supported by Grants DA032646, DA016695, and DA021241. Susan
F. Tapert’s work was supported by Grants RO1 AA03419, P20 DA024194, and

479

gests that manipulating the endocannabinoid system has
been shown to alter cognitive performance in preclinical
and human models (for review, see Mechoulam & Parker,
2013). Further, more robust psychopharmacological effects
on cognition are suggested by some (e.g., Chait & Perry,
1994), although not all (e.g., Ballard & de Wit, 2011), stud-
ies of individuals who used the two substances together at
the exact same/closely overlapping time point (also referred
to as simultaneous use).

When examining the chronic effects of regular cannabis
and alcohol use in adolescents, Winward and colleagues
(2014) found that a more profound effect of combined
use resulted in poorer working memory and mathematical
abilities relative to controls and single-substance users. In
contrast, Mahmood and colleagues (2010) found that indi-
viduals who used both cannabis and alcohol had better ver-
bal memory in comparison with individuals who had more
lifetime hangover or withdrawal symptoms and did not use
cannabis.
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TaBLE 1.  Demographic and substance use information in the past month (N = 232)

CO No-CO

(n =40) (n=192)

Variable M or % SD Range M or % SD Range
Age, in years 19.22 2.28 16.33-26 18.84 2.25 15.67-25
Education, in years 12.38 1.97 10-18 12.13 2.12 9-21
Sex, % female 39% 35%
Ethnicity, % not Hispanic 78% 73%
Race, % White 66% 63%
Binge episodes 5.83 3.41 0.97-12.86 .84 2.52 0-28.93
Cannabis episodes 15.05 10.03 1-30 2.56 6.52 0-30
Co-use binge episodes 3.50 2.81 0.97-12.86 0 0 0-0
Cigarettes used 37.25 107.72 0-600 12.93 64.96 0-600
No. who use tobacco n=14 n=30

Notes: Groups are split by those who have co-used cannabis and binge drank on the same day in the past month (CO) and

those who have not (No-CO); no. = number.

Studies such as these (Mahmood et al., 2010; Winward
et al., 2014) investigate “concurrent” substance use, wherein
participants report using both substances but have no required
overlap in use. Although these findings are important, they
may be limited by considering group rather than dose-
dependent impact of substance use and by not assessing for
same-day co-use (wherein there is a set time frame of 1 day in
which both substances need to be consumed). For instance, we
recently reported that more past-month co-use episodes were
related to lower white matter integrity (Wade et al., 2020),
although cognitive correlates have not yet been assessed.

Given the potential for underlying mechanistic interac-
tions that may relate to neuroanatomical and functional
changes, additional research into the effects of co-occurring
cannabis and alcohol use is needed. Despite preliminary
evidence of unique acute cognitive and psychopharmacologi-
cal changes due to combined alcohol and cannabis use, few
studies have investigated more chronic effects of same-day
co-use. Therefore, in the current study, relationships between
past-month binge alcohol and cannabis co-use and cognitive
functioning were examined. We predicted that past-month
binge episodes, cannabis episodes, and same-day co-use
would be adversely related to cognitive functioning, with
co-use demonstrating a unique contribution.

Method
Participants

The present study analyzed data collected by the Imaging
Data in Emerging Adults with Addiction (IDEAA) Consor-
tium (principal investigators: Krista M. Lisdahl, Staci A.
Gruber, Francesca M. Filbey, and Susan F. Tapert), a post
hoc data compilation of well-characterized emerging adult
substance users at five different sites across the United
States. Data from each site were included in a single com-
bined data set drawn from the IDEAA Consortium principal
investigators’ individual projects. Data from the University

of Wisconsin—Milwaukee (UWM) and the University of
California, San Diego (UCSD), were used in the present
study because they had the greatest overlap of neurocogni-
tive tasks and study protocol design, including an extended
period of monitored abstinence.

Data from 232 individuals, ages 15-26 years old, were
used for the present study. The Institutional Review Boards
at the UWM, Medical College of Wisconsin, and UCSD ap-
proved all aspects of this study, and all participants provided
written informed consent (or parental informed consent and
participant informed assent, if younger than 18 years old).
Participants were recruited through flyers in the community
and newspaper ads. Participants include individuals who had
no substance use up to regular (at least weekly) substance
users, as well as anyone in between those two extremes. To
better understand those who co-use alcohol and cannabis,
two groups were formed for descriptive purposes: a co-use
group of those who have engaged in binge alcohol use and
cannabis use on the same day in the past month (CO) and
those who did not (No-CO; Table 1).

Inclusion criteria were completion of parent protocols
from UCSD or UWM and at least 3 weeks of abstinence
from alcohol, cannabis, or other drug use. Exclusion cri-
teria were current use of psychotropic medication, being
lefthanded, lifetime history of serious neurologic injuries or
disorders, major medical illness, diagnosis of an independent
Axis I psychiatric disorder in past year (except for substance
abuse or dependence in any of the substance users), more
than 50 lifetime use episodes of any other illicit substances,
pregnancy, or magnetic resonance imaging contraindica-
tions (e.g., metal anywhere in or on the body, greater than
250 lbs., claustrophobia). Alcohol breath analysis and urine
toxicology screens verified abstinence at study sessions.

Procedure

Eligible participants completed each respective parent
study protocol; youth were asked to remain abstinent from
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all substance use other than cigarettes for a minimum of
3 or 4 weeks before session start for UWM and UCSD,
respectively. For the present analyses, data from UWM
and UCSD were used because they were the most similarly
harmonized for the particular study questions regarding
cognitive functioning after sustained abstinence. All sites
completed breath alcohol analysis and toxicology tests to
confirm abstinence through weekly visits and pregnancy
tests for female subjects. Positive results on either the
pregnancy, toxicology, or breath alcohol analysis tests
rendered participants ineligible. Participants were asked
not to smoke cigarettes within an hour of their study ses-
sions, and they were not allowed to smoke during the study
session. Participants were given questionnaires to assess
mood and psychological variables and then completed the
neuroimaging and neurocognitive testing protocols, with
neurocognitive data presented here. All participants were
compensated for their time.

Measures

Recent drug use. Drug use history was collected using the
Timeline Followback (TLFB; Sobell & Sobell, 1992). Using
a calendar to cue special dates and holidays, participants
were asked to recount when they used alcohol at binge levels
(episodes of >4 standard drinks for females and >5 standard
drinks for males), cannabis (episodes), and co-occurring
alcohol and cannabis (days of co-use). Data for past month
of use were used for this study (30 days), as sites collected
varying lengths of time (up to 1 year), with past-month sub-
stance use calculated from the first day of study participa-
tion and immediately before the initiation of the abstinence
requirement. TLFB was used to calculate past-month can-
nabis use, alcohol use, co-use days, binge alcohol episode,
and co-use-binge days to allow for dose-dependent analyses;
all substance use data were calculated orthogonally due to
multicollinearity concerns in some analyses. Data measure-
ment for both sites was coded by trained resident assistants
for the IDEAA Consortium to ensure consistency.

Cognitive tasks. Participants at both UCSD and UWM
completed a harmonized neuropsychological battery, in-
cluding the following: (1) Ruff 2&7 (Ruff & Allen, 1996), a
measure of selective attention subdivided into accuracy and
speed (total standard score for each; n = 101); (2) Delis—
Kaplan Executive Function System (D-KEFS; Delis et al.,
2001) trail making tests (Condition 4: switching/inhibition;
Condition 5: motor speed; n = 232), verbal fluency (using
letters F-A-S; n = 232), and Color—Word Interference Test
(inhibition/switching condition; » = 151); (3) California
Verbal Learning Test—Second Edition (CVLT-II; Delis et al.,
2000) initial and total learning (Trial 1 and total Trials 1-5,
respectively; n = 231) and memory (delayed free recall; n =
230); (4) Weschler Adult Intelligence Scale-Third Edition
(WAIS-III; Weschler, 1997) Letter-Number Sequencing (n

= 231); and (5) Rey Complex Figure Task (RCFT; Meyers
& Meyers 1995) copy and delayed recall (n = 224).

Normed scores were used in all analyses, with the ex-
ception of the RCFT and CVLT-II Trials 1-5, as sites dif-
fered in calculation of normed performance and therefore
raw performance scores were used. Differences in sample
sizes for administered tasks are largely due to the release
of findings that suggested certain tasks (i.e., Ruff 2&7 and
D-KEFS Color-Word Interference Test) are highly relevant
for substance-using adolescents after protocol onset; thus,
protocols were amended to include these tasks. Given dif-
ferences in sample size for the Ruff 2&7 and Color—Word
Interference Test, differences for those who completed
these tasks and those who did not were assessed. For both
tasks, there were no substance use differences between task
completers and noncompleters. However, in both instances,
groups did differ by age, Ruff 2&7: F(232) = 68.57, p <
.001; Color-Word Interference Test: F(232) = 37.126, p <
.001. Because both tasks are age-normed, age was not in-
cluded as a covariate.

Data analysis

Multiple regression analyses assessed cognitive function-
ing by past-month binge episodes, cannabis use episodes,
and same-day binge co-use, controlling for covariates (i.e.,
study site, sex, age, as applicable). Study site was included
as a covariate for any neurocognitive measures that differed
in performance by study site (Ruff 2&7 Accuracy and Speed,
RCFT Copy and Delay, D-KEFS Trail 4; ps < .05). Regres-
sions for dependent variables (DVs) that included normed
age did not covary for age. Twelve regression analyses were
completed which assessed for the influence of outliers; if
outliers were discovered, findings were confirmed without
the outlier; in no instance did this change the overall find-
ings. All primary regression analyses were corrected for
multiple comparisons using the false discovery rate (FDR)
method (Benjamini & Hochberg, 1995). Covariates included
study site (when sites differed by performance on a par-
ticular task), age (when tasks did not include age-normed
scores), and sex. Past-month cigarette use was also consid-
ered as a potential covariate; results remained unchanged
whether or not it was included.

Results

More past-month co-use episodes of cannabis and binge
alcohol use related to poorer Ruff 2&7 accuracy (f = -.343;
t=-2.920, p = .004; FDR p = .036; AR = .084). Although
there were several cannabis-only and alcohol-only relation-
ships demonstrated, they did not survive correction for multi-
ple comparisons (see Supplemental Material). (Supplemental
Material appears as an online-only addendum to this article
on the journal’s website.)
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Sex was significantly associated with CVLT-II Trial 1
recall (f =-.241; t=-3.697, p <.001; FDR p = .001; AR =
.057), with males demonstrating better performance. As sex
significantly covaried with some findings, additional post hoc
analyses were conducted to assess whether there may be an
interaction between sex and substance use patterns in cogni-
tive performance associated with sex (i.e., CVLT-II Trial 1).
Sex did not significantly moderate the aforementioned main
findings.

Detailed results for regression models and post hoc analy-
ses are reported in the Supplemental Material.

Discussion

The present results suggest a differential influence of
patterns of substance use on cognition after a period of at
least 3 weeks of abstinence in adolescents and young adults.
Specifically, same-day binge alcohol and cannabis co-use
related to poorer selective attention accuracy after control-
ling for cannabis-only and alcohol-only drinking days.

Of particular interest, the present results revealed that
co-use was associated with poorer attention. Such results are
consistent with prior evidence of a more negative relation-
ship between co-use and working memory (Winward et al.,
2014), which relies heavily on attention capacity. In addi-
tion, this maps onto prior structural findings of more past-
month co-use episodes being related to poorer white matter
integrity in the cingulate gyrus in an overlapping sample
of participants (Wade et al., 2020). The cingulum is key in
many aspects of higher order cognitive functioning, includ-
ing attention (Catani & Thiebaut de Schotten, 2012). Co-use
may, therefore, influence structural pathways necessary to
maintain attention, representing important brain—behavior
relationship changes. However, because the present data are
cross-sectional, the exact directionality of these findings
should be confirmed in future longitudinal studies.

In contrast to our hypotheses, no other cognitive domains
showed a significant relationship with either co-use or other
substance use patterns after 3 weeks of abstinence. Although
cannabis use was linked with poorer verbal memory, this did
not survive correction for multiple comparisons. A growing
body of evidence suggests that, following 1 week to a month
of abstinence, cognitive functioning in substance users (and
particularly in cannabis users) is no different than in healthy
controls (Hanson et al., 2010; Roten et al., 2015; Schuster
et al., 2018; Wallace et al., 2020). Although the domains of
recovery have differed (e.g., some show recovery in verbal
memory, whereas others show recovery in attention) and
there are differences in the age group sampled, results are
hopeful for teens and young adults who seek to abstain
or reduce substance use for extended periods. This further
fits with the suggested underlying mechanism of endocan-
nabinoid system downregulation relating to cognitive func-
tioning, as the binding within the endocannabinoid system

recovers following abstinence from cannabis (Hirvonen et
al., 2012). Many emerging adults are placed in high-pressure
situations that depend on attention, memory, and executive
functioning for classroom or standardized testing situations
(e.g., SAT and ACT exams). Therefore, interventions that
encourage reduction of or abstinence from substance use for
a minimum of several days may be beneficial for achieving
optimal cognitive functioning and improving outcomes at
key lifetime points (e.g., during finals week).

Few significant relationships were found, and effect sizes
are modest, consistent with a recent meta-analysis of cogni-
tive relationships with cannabis use following extended ab-
stinence beyond 3 days (Scott et al., 2018). Regardless, it is
concerning that any significant relationships were found, giv-
en that participants were abstinent for at least 21 days, and
co-occurring use of alcohol and cannabis has been linked to
decreased white matter integrity (Wade et al., 2020), poorer
treatment outcomes, higher rates of depression, higher posi-
tive expectancies of use, and—in turn—increased use of any
substance (Aharonovich et al., 2005; Lopez-Quintero et al.,
2011). On balance, it may be that individuals with lower
cognitive performance (or other outcomes) may be more
drawn to use substances in the first place. Because the im-
pact of even slight changes in cognition and brain-behavior
relationships may have great implications for life outcomes,
large, prospective longitudinal studies are necessary. The
Adolescent Brain Cognitive Development Study (www.abcd-
study.org) has superior statistical power and a prospective
longitudinal design that will be better able to delineate char-
acteristics that may be most related to cognitive functioning.

Results suggest that males in this sample performed
better on a verbal learning task. Other research suggests
that males and females are more similar than different,
but modest cognitive differences do exist (Hyde, 2016).
Although verbal memory is typically associated with bet-
ter performance in females, recent research suggests that it
may be an age by sex quadratic effect because in females,
verbal memory abilities increase until middle adulthood then
taper off, whereas in males, verbal memory peaks in young
adulthood (Graves et al., 2017), perhaps consistent with the
present results. Sex, then, warrants greater consideration in
any assessment of cognitive functioning, including in future
research of co-occurring substance use.

Limitations to the present results include a lack of com-
mon measurement of IQ, preventing inclusion of IQ as a
potential covariate. Results are cross-sectional, and therefore
no causal relationships can be established. The length of ab-
stinence, although novel in its ability to potentially elucidate
long-term associations, does not clarify immediate or short-
term relationships between patterns of substance co-use and
cognitive functioning. Finally, co-use is a nuanced issue that
requires complex measurement. Data here are presented
orthogonally, but other methods with larger samples may be
better suited to more carefully delineate the unique contri-
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bution of each pattern of substance use to related cognitive
performance.

Taken together, results highlight the need to carefully in-
vestigate patterns of co-substance use and potential indepen-
dent and interactive effects. This is particularly important in
emerging adults, as the impact on the developing brain may
be greater than use later in life. Further, given the changing
landscape of public policy around cannabis use and under-
standing its nuanced effects, including co-use with alcohol,
are important in preventing further public health issues that
may arise.
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